Four years have elapsed since I published my opinion, supported by such arguments as I could then state, that the brain, although the organ of consciousness, was subject to the laws of reflex action, and that in this respect it did not differ from the other ganglia of the nervous system. I was led to this opinion by the general principle, that the ganglia within the cranium being a continuation of the spinal cord, must necessarily be regulated as to their reaction on external agencies by laws identical with those governing the functions of the spinal ganglia and their analogues in the lower animals. And I was confirmed in this opinion by finding, after the investigation and collocation of known facts, that observations and arguments like those satisfactorily adduced in proof of the existence of the reflex function of the spinal ganglia, may be brought forward in proof that the cerebral ganglia have similar endowments. In the present paper I purpose to give these proofs connectedly. I must premise, however, that I entered upon my undertaking with considerable hesitation. I felt deeply the magnitude of the subject, and the important results to which an inquiry of this kind might lead. I felt too, that in advocating the doctrine of cerebral reflex function, I was opposing the opinions of a physiologist to whom deference is eminently due. That gentleman, however, is so devoted to all questions of neurology, and so anxious, I really believe, to arrive at truth, that he, 1 hope, will willingly permit me to differ from him in doctrine, and give a favorable consideration to my opinions, although opposed to his own.
To render my subsequent arguments clearer, I will first give a short summary An impression is made on the peripheral termination of a sensitive nerve; this impression is transmitted to the ganglion as the central axis; there some change, the nature of which is unknown, takes place, but such, that the muscles in connexion with the motor nerves arising from the ganglion are moved. Dr. Hall has termed the sensitive, or afferent, or impression-bearing nerve, incident excitor nerve ; and the central axes form collectively the true spinal system, extending from the corpora quadrigeminato the cauda equina.
It is not necessary to reflex action that the irritation be applied exclusively to the peripheral termination of the sensitive or incident excitor nerve, although phenomena so induced, are the most strikingly and mest perfectly reflex. The irritation may be applied in any portion of its course, or to the posterior gray matter of the cord (the sensory track) in which the nerve terminates, or to the anterior motor track, or to the cut end of that portion of the motor nerve still in connexion with the muscle. The track of the irritation is from the surface to the muscular fibre through the ganglia ; if the continuity of nervous connexion be broken, the irritation cannot reach the muscle.
Irritations may in their origin, therefore, be either peripheral, or derived from the surface ; fibrillar, or seated in the trunk of the nerve; and central, or in the axis itself. These variations as to the point from which the irritation commences are connected with variations in the phenomena, and enabled Dr. Hall to arrange excito-motory actions into classes. In hydrophobia, the irritation is a poison circulating with the blood through the central axis; the disease is therefore termed centric, and the excito-motory phenomena are of centric origin; so also the convulsions (the excito-motory phenomena) of asphyxia are centric, because they depend on the circulation of venous blood, instead of arterial, through the spinal cord. The But these movements were not mere spasmodic or convulsive jerks; groups of muscles were brought into action. The palms of the hands beat rapidly on the thighs, and the feet on the ground. The fore arms were rubbed incessantly along the thighs, and the radius rotated on the ulna. The arms were at times extended, and the palms turned outwards. Next day the muscles of the trunk were affected, and the patient was suddenly raised from the chair and as quickly reseated. The motions of the eyelids were followed by vomiting, showing that the centric change had extended to the pneumogastric ganglia. The next day the consentaneous action of groups of muscles were still further extended; the centric changes evidently making progress upwards, for in addition to the previous motions she was now jerked from side to side of the couch-chair on which she sat; she had often a sudden propensity to leap upwards, and was impelled into every corner of the room, striking the furniture and doors violently with the hand. Here decided marks of design appear in the movements. On the following day the acts had become rhythmical, and the centric changes had evidently arrived at some portion of the encephalon connected with the idea of time; she frequently danced upon one leg, and in the evening the family observed the blows upon the furniture to be more continuous, and to assume the regular time and measure of a musical air. As a strain or series of strokes was concluded she ended with a more violent stroke, marking the time. The next day, the centric change had ascended higher. The rhythmical movements had become more complex, and changed into a graceful dance. But the changes had now reached the idea of space as well as of time, for occasionally all the steps were so directed as to place the foot constantly where the stone flags joined to form the floor, particularly when she looked downwards. An analogous result occurred when she looked upwards ; she then had an irresistible propensity to spring up and touch little spots on the ceiling. In both these movements, the optic nerve exhibited an incident-excitor function.
The tune was now discovered that she danced to; it was the air of the " Protestant boys," popular in the neighbourhood, and she informed Mr. Wood that there was always a tune dwelling upon her mind, which at times becoming more pressing, irresistibly impelled her to commence the involuntary actions. The centric changes here ceased, which had induced this alteration of sensory function, and which had reproduced in fact the idea of the air with such force that it impinged on the motor track, and there excited consentaneous reflex acts, in spite of the utmost volitional effort of the individual. The motions were stopped by interrupting the action of the excitor (the musical air) on the motor track, for so soon as the time was broken, or a continued roll played on drums, the motions ceased. The patient had several relapses; the eyelids and muscles of the face were only affected in some of these, in others, the muscles of the chest, larynx, neck, and back. In one attack she rotated swiftly.
Having I. On the tone of the muscles. The state of the muscular system termed tone, is allied in its origin to the muscular contractions of excito-motory movements.
As special impressions on incident excitor nerves give rise to special combined movements, so the general impressions on the whole surface of the body and on the mucous membranes excite the cerebro-spinal ganglia into action generally, and thus a corresponding result is obtained; namely, a general reaction (through the motor nerves) on the whole muscular system. That the cerebral nerves have an important part to perform in the maintenance of this general excitation of the nervous system, and the resulting tone of the muscular system is manifest from the phenomena of sleep. Many of the common muscular acts of the waking state are excito-motory in their nature, as for example, the tension that maintains the lineaments of the face, and keeps the eyelids, head, limbs, and trunk in their usual position. When sleep comes on sensory impressions cease to act on the brain, and the muscles relax. The eyelids then drop over the eyes-, the head droops; the limbs become flaccid and uncontracted. If the incident excitor nerves of the abdominal viscera were also liable to sleep, their ordinary functions would be interrupted, and the flexor muscles (so constantly affected in spasmodic affections depending on irritation of the mucous membrane,) would lose that excess of tone they possess over the extensor. If the nerves of the heart and lungs could undergo this change, death would speedily ensue. In the natural condition the incident excitor action of the sensitive branches of the vagus is only diminished in intensity; the heart and chest act more slowly. Sleep appears to be confined to the encephalic ganglia; when it affects the medulla oblongata or spinal ganglia, the change induced is a morbid change. The " that all influences from impressions on incident nerves are diffused through the cord" (Principles of Human Physiology, 1st ed. p. 132). This principle of the diffusion of influence is applicable as well to the encephalic as to the spinal f anglia. The motor track throughout the cerebro-spinal axis is distinctly inuenced by every act of volition, and the whole of that axis, whether sensory, motor, or sympathetic, by every emotion. The action of the heart, for example, is accelerated, as is well known, by very slight muscular efforts; the simple act of rising from the recumbent to the upright posture accelerating the pulse. This diffusion of the volitional influence is seen in diseases of the motor system: in chorea it produces irregular muscular movements ; in epilepsy, the motor excitement resulting will prevent the fit.
That influences from emotional impressions are diffused through the whole cerebro-spinal axis, is one of the best-established facts in physiology. The effect of vivid emotions on the functions of the viscera is instantaneous. The skin, intestines, kidneys, liver, heart, salivary and lachrymal glands, and capillaries of the surface, are notoriously influenced by them: Dr. Erdmann, of Dresden, relates a case in his Medical Observations, of a boy whose face, when he was put into a passion, became quite pale on one side and red on the other; and there was an exact boundary along the centre of the face, proving the common union of the sympathetic motor and sensory twigs in the encephalon. The influence of emotions on the hue of the chamelion, and on the colours of certain fishes, strikingly illustrates their operation on the whole system. No class of causes are so influential in exciting convulsions as the emotions, but, like the volitional stimulus, the emotional excitement will prevent excito-motory phenomena, and even cure paralysis. Both fear and anger have been known to have this result. It is manifest [Jan. too, that the diffusion of the influence of emotional impressions is not limited to the true spinal system, or neurine, we may estimate the number of ideas, the substrata of which may be contained in a square inch, as not less certainly than 8000; and as there must be an immense number of square inches of surface in the gray matter extended through the cerebro-spinal axis of man, there is space sufficient for millions.
V. The consensual movements. The harmonious and consentaneous action of muscles and groups of muscles (just as the purely reflex and instinctive acts) differs from mere spasmodic contractions. The evolution of consensual acts from the lower to the higher forms of development, takes place also after the same laws. In the primary forms, the irritability of the muscular fibres excited them according to a fixed principle of consentaneity and adaptation. The hollow muscular tubes, the heart, arteries, and urinary bladder, are instances of the lower forms in which groups of fibre act consentaneously. Next come consentaneous action of groups of antagonizing muscles, flexors and extensors, pronators and supinators, adductors and abductors. The spasms of tetanus and epilepsy result from a morbid influence on the substrata of these consentaneous acts. To a higher grade of this kind belong the substrata of the class of co-ordinate muscular acts observed in rotation, progression, retrocession, flyine, swimming, and the like, the general movements of the lower vertebrata. Allied to these are the substrata which determine the gait, bearing, language, tone of voice, expression, &c. of the individual, and which bring them into relation with the emotional and instinctive acts. They differ from the preceding in this, that they are due to special groupings peculiar to the individual or the race. They follow, however, the law of transmission from parent to offspring, guiding the other substrata referred to above. A peculiar gait, a certain kind of frown, a hitch of the shoulder, a tone of voice, are all the result of co-ordinate muscular acts taking place independently of the volition of the individual, and almost always without his consciousness, and appear as certainly in the offspring as any other corporeal peculiarities. Coordinate or consensual substrata, like those ministering to the instincts, may also be acquired and appear as habits ; and these may also be transmitted, though not usually. Lastly, the substrata of the highest co-ordinate movements, namely, those dependent on the intellect, and seated in the cerebral hemispheres, are the substrata on which the acts of speaking, singing, writing, painting, music, &c., and the practice of the manual employments, depend. These are almost always acquired, and seldom transmitted ; but on this point, especially with reference to the last class, observations are wanting. According to these views, any attempt to localize the substrata of the coordinate or consensual acts would be futile. Like those of the instinctive and emotional movements, they extend through the whole cerebro-spinal axis. The ^timuli that excite them are of course local in their origin, and as diverse in thfeir character as their origin.
VI. The association of ideas. Like the association of movements, the true explanation of the association of ideas is to be found in the doctrine of the reflex functions of the brain. The mode of action of the sensory gray matter is strictly analogous to that of the motor gray matter, both with reference to its substrata and the diffusion of afferent impulses through it. Insanity and dreaming present the best field for investigating the laws of that extension of action from one portion of the brain to the other, by which ideas follow each other in sequence. An interesting example for study is now in the Retreat near York. This person seems utterly will-less. He expresses the ideas as they spontaneously arise in associated sequence, the combinations being singularly varied, but traceable to a common root, or centre of impulse. Researches 
